Supplementary Tables
Supplementary Table 1 . Experiments using excess paraformaldehyde 
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Supplementary Methods
General Information: All reactions were carried out in a sample vial (4 mL) equipped with a
Teflon-coated magnetic stir bar. Deionized water was used directly from the laboratory water system (pH [4] [5] . Palladium (II) acetate was purchased from Combi-blocks Inc. Magnesium powder (-50 mesh, 99+%, Lot no. 03308MQ) was purchased from Aldrich and washed prior to use, in the manner described below. Formaldehyde (37 wt % in water, stabilized with 10-15% methanol) was obtained from Acros Organics. Paraformaldehyde was purchased from Allied
Chemical. All aryl halides were used without further purification. Column chromatography was carried out using silica gel 60 (230 -400 mesh) purchased from Merck. TLC analysis was done using TLC silica gel 60 F 254 glass plates, purchased from Merck. GCMS data were recorded on Agilent Technologies 7890A GC system coupled with Agilent Technologies 5975C mass spectrometer using HP-5MS column (30 m x 0.250 mm, 0.25 µ) purchased from Agilent
Technologies. 1 H and 13 C NMR spectra were obtained in CDCl 3 using a 500 MHz Varian NMR spectrometer.
Experimental Section
General procedure for washing of aged magnesium Caution! The following process is extremely vigorous and generates high volumes of nitrogen dioxide and dihydrogen. Proper precautions are to be observed.
To a beaker containing magnesium (~15 g) was slowly added concentrated nitric acid (~10 mL).
A vigorous reaction ensued with the generation of nitrogen dioxide. The contents were stirred for 5-10 seconds and then were treated with deionized water (20 mL). The contents were stirred again and the water decanted. The process was repeated 4-5 times until the desired shine was obtained on the metal. The magnesium was then washed with copious amounts of deionized water several times, followed by acetone. A slurry of the metal in acetone was transferred to a round-bottomed flask and the metal dried in vacuo overnight. The magnesium thus obtained was used for all subsequent experiments.
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This process can be avoided if a fresh bottle of magnesium is used.
General procedure for homocouplings catalyzed by Pd(OAc) 2
Caution! The following reaction generates varying volumes of dihydrogen depending on the grade of the Pd catalyst and magnesium. In general, all reactions involving an elemental metal, a transition metal salt and water can get extremely vigorous to explosive and can also generate obnoxiously high volumes of dihydrogen at times. Hence, all these reactions should be initially carried out on a small scale (metal powder ~ 10 mg). Also, proper precautions are to be observed.
To a sample vial (4 mL) equipped with a Teflon-coated magnetic stir bar were added in sequence Pd(OAc) 2 (25 μmol), magnesium powder (2.0 mmol), aryl halide (0.5 mmol), and paraformaldehyde (2.0 mmol). To the mixture was then added deionized water (1 mL).
(Caution! The water should be added slowly, and the addition should be paused if a vigorous generation of dihydrogen ensues). The vial was covered with a phenolic cap and stirred on a reaction-block, preheated to 70 °C, for 12 h. The resulting mixture was cooled to rt, extracted with EtOAc, and then passed through a short pad of silica gel. The organic extract was concentrated in vacuo and purified by flash chromatography over silica gel with Et 2 O/hexanes to obtain pure product.
General procedure for hetero-cross-couplings catalyzed by Pd(OAc) 2 To a sample vial (4 mL) equipped with a Teflon-coated magnetic stir bar were added in sequence Pd(OAc) 2 (25 μmol), magnesium powder (2.5 mmol), Ar-I (0.25 mmol) and Ar ' -I (0.50 mmol).
To the mixture was added formaldehyde (37 wt % in water, 1 mL). Caution! The formaldehyde should be added slowly, and the addition should be paused if a vigorous generation of dihydrogen ensues. The vial was capped and stirred on a reaction block, preheated to 70 °C, for 24 h. The resulting mixture was cooled to rt, extracted with EtOAc, and passed through a short S35 pad of silica-gel. The organic extract was concentrated in vacuo and purified by flash chromatography over silica gel with Et 2 O/hexanes to obtain pure product. (Table 2 , entry 1). 1 Flash chromatography afforded the product as a white solid (2aa, yield 87%; 2ab, yield 81%) . (Table 2, entry 3) . 3 Flash chromatography afforded the product as a white solid (yield 83%). (Table 2 , entry 4). 4 Flash chromatography afforded the product as a colorless oil (yield 79%). When the reaction was run with magnesium from a freshly purchased bottle, without further washing, the yield was 74%. (Table 2 , entry 5). 5 Flash chromatography afforded the product as a white solid (yield 31%). (Table 2 , entry 6). 6 Flash chromatography afforded the product as a white solid (yield 53%). (Table 2 , entry 9).
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1 Flash chromatography afforded the product as a white solid (bromide, yield 52%; iodide, 41%). Table 2 , entry 10). 1 Flash chromatography afforded the product as a white solid (bromide, yield 37%; iodide, 25%). When the reaction on S38 the bromide was run with magnesium from a freshly purchased bottle, without further washing, the yield was 46%. (Table 3 , entry 1). 8 Flash chromatography afforded the product as a white solid (yield 51%). (Table 3 , entry 2). 9 Flash chromatography afforded the product as a white solid (yield 37%). -4'-nitro-1,1'-biphenyl (Table 3, entry 3) . 10 Flash chromatography afforded the product as a white solid (yield 63%). (Table 3 , entry 4). 11 Flash chromatography afforded the product as a white solid (yield 48%). (Table 3 , entry 6). 11 Flash chromatography afforded the product as a colorless oil (yield 21%). 1 Fluoro-4'-methoxy-1,1'-biphenyl (Table 3, entry 7) . 13 Flash chromatography afforded the product as a white solid (yield 41%). (Table 3, entry 8). 14 Flash chromatography afforded the product as a yellowish-white solid (yield 61%). Methoxy-[1,1'-biphenyl]-2-yl) ethan-1-one (Table 3 , entry 10). 16 Flash chromatography afforded the product as a white solid (yield 17%). (Table 3 , entry 11). 9 Flash chromatography afforded the product as a colorless oil (yield 47%). (Table 3, entry 12) . 17 Flash chromatography afforded the product as a white solid (yield 58%). (Table 3, entry 14). 14 Flash chromatography afforded the product as a white solid (yield 45%). -acetyl-[1,1'-biphenyl]-4-carboxylate (Table 3, entry 16) . 20 Flash chromatography afforded the product as a white solid (yield 17%). (Table 3, entry 17) . 21 Flash chromatography afforded the product as a colorless oil (yield 35%). (Table 3, entry 19) . 23 Flash chromatography afforded the product as a colorless oil (yield 46%).
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